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Abstract 
Continuous and intensive use of the soils of the Lower-Middle São Francisco 
River Valley (Vale do Submédio São Francisco) through the growing of mango trees 
in irrigated systems has caused soil degradation and consequently threatened the 
quality and sustainability of this agribusiness activity in the region. The 
predominant soil cover in this region has a sandy texture and low organic matter 
content and water retention capability, which are further compromised by high 
temperatures and insolation which cause serious restrictions to agricultural 
productivity when associated with inadequate irrigation management. The aim of 
this paper was to study crop systems (green manures) used as cover crops and green 
manure in the establishment of a ‘Kent’ mango tree orchard by means of 
quantification and mineral composition of the plant matter resulting from each one 
of the formative prunings. The leguminous plants used in the intercropped plant 
mixture were: Calopogonium mucunoide Desv., Crotalaria juncea L., Crotalaria 
spectabilis Roth., Canavalia ensiformes DC., Cajanus cajan L., Dolichos lablab L., 
Mucuna aterrina L., and Mucuna conchinchinensis L. The mixture also included 
non-leguminous species, such as: Sesamum indium L., Chysantemum peruviamum 
maius, Ricinus communis L., Penissetum americanum L. and Sorghum vulgare Pers. 
Three plants per plot in four replications were used for evaluations. The mean value 
of fresh matter production resulting from each one of the four prunings of 
establishment of the orchard showed that the intercropped plant species mixture 
with 75% leguminous plants and 25% non-leguminous plants increased plant vigor. 
Increases were 16.6, 19.7, 45.1 and 23.9% at pruning 1, 2, 3 and 4, respectively, when 
compared to the treatment of spontaneous vegetation without soil turnover. 
Significant differences were observed between the treatments in relation to total 
content of nitrogen, phosphorus, potassium, calcium, and magnesium in the leaves 
and accumulated branches at the end of the formative prunings of the plants. The 
use of intercropped plant species mixtures allows the orchard establishment period 
to be shortened, which makes it possible to advance the time for beginning 
management of flower induction and production of mango trees of the ‘Kent’ 
cultivar. 
 
INTRODUCTION 
Continuous and intensive use of the soils of the Lower-Middle São Francisco 
River Valley (Vale do Submédio São Francisco) through the growing of mango trees in 
irrigated systems has caused soil degradation which threatens the quality and 
sustainability of this agribusiness activity in the region.  The predominant soil cover in the 
crop areas is composed of soils with a sandy texture and low organic matter content and 
water retention capability. These characteristics, associated with high temperatures, high 
insolation and irrigation management which is not always adequate, cause serious 
restrictions to agricultural productivity.  
One soil management practice which is being studied in the region is 
intercropping of diverse plant species among the mango trees. The purpose of this 
mixture, known as a “plant cocktail”, is to serve as green manure and a mulch, reducing 
water loss in the system, and to serve as a source of organic matter for the soil (Duda et 
al., 2003; Boer et al., 2007). The use of this intercropped plant mixture also allows 
Proc. Xth Intl. Mango Symposium 
Eds.: J.J. Espinal et al. 
Acta Hort. 1075, ISHS 2015 
180 
movement of nutrients from the deeper soil layers to the surface, extracted by means of 
the root system, after cutting of the plant matter and its decomposition through the action 
of the environment, making it available to the main crop. According to Petrere et al. 
(2008), the use of intercropped plant species mixtures, associated with lack of soil 
turnover, may be a viable soil management strategy for the conditions of the semi-arid 
region through aggregating organic matter to the soil, recognized as one of the indicators 
of soil quality, and, consequently, of the management systems used. Organic matter is 
sensitive to management systems because it acts in the aggregation and structuring of the 
soils, promoting improvement in physical characteristics such as bulk density, aeration, 
and water infiltration and retention. 
The aim of this paper was to study two growing systems used as cover crops and 
green manure in the period of establishment of a ‘Kent’ mango tree orchard, using the 
criteria of effect on plant vigor, evaluated in the form of fresh matter discarded in 
directional pruning and the quantity of nutrients present in the branches pruned. 
 
MATERIALS AND METHODS 
The experiment was set up in February 2009 with the planting of ‘Kent’ mango 
tree seedlings of one year of age with two shoots above the graft union at a spacing of 
8×5 m in the Bebedouro Experimental Field (latitude 09°09’S, longitude 40°22’W and 
altitude of 365.5 m), belonging to Embrapa Semiárido, Petrolina, PE, Brazil. A 
microspray irrigation system was installed for establishment of the experiment. Soil at the 
location is classified as an Argissolo vermelho-amarelo distrófico plíntico (Ultisol, 
Hapludalf), of medium texture/clayey, flat land; climate in the region is BSwh’, according 
to the classification proposed by Köppen (1936), with average annual temperature of 
around 26.8°C and average annual rainfall of 360 mm. Native vegetation is 
hyperxerophytic caatinga (Brazilian semi-deciduous dry forest). 
Formative pruning consists of five to six operations to shape a plant with a 
balanced and robust framework. In plants in this experiment, the first four prunings were 
performed for establishment of the orchard; the first pruning was made at a height of 60-
80 cm from the ground with the cut below the node for the purpose of inducing shoot 
growth in alternate points and providing for a more balanced canopy base. After shoot 
growth, three branches were selected, which formed the base of the canopy, and the other 
branches were eliminated. The results of the fresh matter discarded during the formative 
prunings were quantified in grams in each one of the formative pruning in the treatments 
with use of the intercropped plant species mixture and the treatment of only spontaneous 
vegetation, without soil turnover. 
Two intercropping systems were evaluated in a ‘Kent’ mango tree orchard with 
plants at a spacing of 8×5 m. The leguminous plants (L) used in the mixture were: calopo 
(Calopogonium mucunoide Desv.), Crotalaria juncea L., Crotalaria spectabilis Roth., 
jack bean (Canavalia ensiformes DC.), pigeon pea (Cajanus cajan L.), hyacinth bean 
(Dolichos lablab L.), black velvet bean (Mucuna aterrina L.), gray mucuna (Mucuna 
conchinchinensis L.). The plant species mixture also consisted of non-leguminous species 
(NL) such as sesame (Sesamum indium L.), sunflower (Chysanthemum peruviamum 
maius), castor bean (Ricinus communis L.), pearl millet (Penissetum americanum L.) and 
sorghum (Sorghum vulgare Pers.). The intercropping systems were T1 – plant species 
mixture (75% L + 25% NL) and T2 – spontaneous vegetation.  
Sowing of the intercropped plant species mixture was carried out at two different 
times – in the first half of December 2009 and in the second half of September 2010 – 
with the sowing of 12 rows between the rows of the mango trees. The spacing of the plant 
rows of the intercropped plant species mixture was 50 cm, with the first row located at 
100 cm from the base of the mango tree stem. After opening of the planting furrows, the 
smaller size seeds, followed by the intermediate size seeds and then the largest seeds were 
sown, so as to ensure uniformity in seed distribution. 
Seventy days after planting the plant mixture, the above ground part of the 
treatments was cut at the height of the root collar and left on the soil surface (without soil 
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turnover). Total production of plant fresh matter was evaluated in the field and 
subsamples were removed and dried in a laboratory oven at 65-70°C until reaching 
constant weight for determination of the plant dry matter and the N, P, K and Ca contents 
(Table 1). 
In the plants of the experimental area, the first four prunings for establishment of 
the orchard were performed on July 19, 2010, January 10 and August 2, 2011 and 
February 3, 2012 (the first at 14 months after transplant and the rest at an average interval 
of six months). All the material resulting from each one of the prunings was weighed for 
measurement of the total quantity of plant fresh matter. Subsamples were removed from 
the total plant matter resulting from the pruning; they were sent to the laboratory and 
dried in a laboratory oven at 65-70°C until reaching constant weight for determination of 
plant dry matter. These samples were subjected to chemical analyses for determination of 
N, P, K and Ca contents. As of the results of the nutrient contents and the quantity of dry 
matter, the accumulated quantities of each nutrient in the material coming from the 
pruning (branches and leaves) were calculated.  Twelve useful plants per treatment were 
used for each evaluation. The mean values were compared by the t test for independent 
samples at the 5% level of probability.  
 
RESULTS AND DISCUSSION 
The mean value of the fresh matter weight resulting from each one of the four 
prunings for establishment of the orchard showed that the cocktail with 75% of 
leguminous plants and 25% of grasses increased plant vigor (green mass), which is shown 
in Figure 1a.  Increases were 16.6, 19.7, 45.1 and 23.9% at pruning 1, 2, 3 and 4, 
respectively, when compared to the spontaneous vegetation treatment without soil 
turnover. This suggests the possibility of reducing the time between pruning and in 
establishment of the orchard, and thus anticipate the beginning of management of flower 
induction and production of mango trees of the ‘Kent’ cultivar. 
The use of a green manure crop, including the presence of leguminous plants, may 
present many benefits for the agro-ecosystems, such as accumulation of organic matter on 
the soil surface; cycling of nutrients by means of biological fixation, especially by the 
leguminous species; improvement of the chemical and physical attributes of the soil; 
greater water retention and infiltration capacity; increase in biodiversity; and soil 
temperature control (Wutke et al., 2009). According to Petrere et al. (2008), two crop 
cycles of the intercropped plant mixture were sufficient to observe changes in the soil 
organic matter contents. The above ground plant matter deposition of the intercropped 
plant mixture in the projection of the mango tree canopy increased the organic matter 
contents in the surface layers up to a 10 cm depth (Pires et al., 2011).The greater vigor, 
quantified by green mass discarded in pruning, observed in the plants developed in soil 
with the plant species mixture in intercropping, was the result of more favorable 
conditions for root growth, favoring water and nutrient uptake and vegetative vigor. The 
significant gain in total fresh matter of the plants grown with the plant species mixture in 
intercropping may be observed in Figure 1b. 
The intercropped plant mixture consists of seeds of various species and families 
for the purpose of adding carbon to the soil system, increasing the organic matter content; 
the fact of the species being sown in the same area simultaneously provides for better soil 
utilization, favoring diversification of species in the system and supplying a greater 
quantity of organic matter, with a similarly diversified nutrient composition (Silva et al., 
2005). In the evaluations in regard to analysis of plant matter resulting from the formative 
pruning of the ‘Kent’ mango tree plants, significant increases were observed in the plant 
matter resulting from the pruning of the plants grown with the mixture between the 
mango rows in regard to nitrogen, phosphorus, potassium, and calcium content (Fig. 2). 
Torres et al. (2009), using plant cover in mango trees, reports a reduction in the nitrogen 
level and increases in the other macronutrients, including calcium, which could be 
favorable to questions of fruit quality, with lower rates of Internal Fruit Breakdown. In 
melon, Jesus et al. (2012) reports N and P contents in the above ground part without 
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significant differences among the different plant covers tested; the K and Ca contents in 
the plant dry matter of the above ground part were greater in the plant matter composed of 
spontaneous vegetation species. However, this fact was not repeated when the quantities 
of accumulated nutrients was compared, probably due to lower production of plant dry 
matter of these plants when compared to the intercropped plant mixture. 
Upon comparing the data of this study with those in the literature, it is seen that 
the intercropped plant mixtures stand out as recycling crops, with high accumulation of 
nutrients, especially N and K. Thus, considering the quantities of nutrients accumulated 
by the cover plants, we believe that the use of intercropped plant mixtures may largely 
replace the need for supplying nutrients through chemical fertilization. Nevertheless, it is 
necessary to develop studies that allow synchronization of the release of nutrients by the 
intercropped plant mixture residues after their deposit on the soil in accord with demand 
from the mango crop. Green manure crops, due to their capacity for accumulation of 
nutrients in the above ground part, may be used for cycling of soil nutrients. 
 
CONCLUSIONS 
Use of the intercropped plant mixture provided for greater accumulation of fresh 
matter and nitrogen, phosphorus, potassium, calcium, and magnesium in the leaves and 
branches at the end of the four formative prunings. 
Use of the intercropped plant mixture (75% leguminous plants and 25% grasses) 
induces greater green mass production in mango ‘Kent’ plants during the period of 
orchard establishment. 
 
Literature Cited 
Boer, C.A., Assis, R.L., Silva, G.P., Braz, A.J.B.P., Barroso, A.L.L., Cargnelutti Filho, A. 
and Pires, F.R. 2007. Ciclagem de nutrientes por plantas de cobertura na entressafra 
em um solo de Cerrado. Pesquisa Agropecuáia Brasileira 42:1269-1276. 
Duda, G.P., Guerra, J.G.M., Monteiro, M.T., De-Polli, H. and Teixeira, M.G. 2003. 
Perennial herbaceous legumes as live soil mulches and their effects on C, N and P of 
the microbial biomass. Scientia Agricola 60:139-147. 
Jesus, T.S. de, Giongo, V., Mendes, A. M. S., Costa, N. D., Silva, D. J. and Santana, M. 
da S. 2012. Acúmulo de macronutrientes em coquetéis vegetais com potencial para 
uso em rotação com a cultura do melão no Semiárido. In: Reunião Brasileira de 
Fertilidade do Solo e Nutrição de Plantas, 30.; Reunião Brasileira sobre Micorrizas, 
14.; Simpósio Brasileiro de Microbiologia do Solo, 12.; Reunião Brasileira de 
Biologia do Solo, 9.; Simpósio sobre Selênio no Brasil, 1., Maceió. A 
responsabilidade socioambiental da pesquisa agrícola: anais. Viçosa, MG: SBCS. CD-
ROM. 
Köppen, W. 1936. Das geographische system der klimatologie. Berlim: Borntrager. 44p. 
Petrere, V.G., Cunha, T.J.F., Silva, M.S.L. and Silva, D.J. 2008. Teores de matéria 
orgânica e fósforo em solo cultivado com mangueiras em função do uso de coquetéis 
vegetais. In: Reunião Brasileira de Fertilidade do Solo e Nutrição de Plantas, 28.; 
Reunião Brasileira Sobre Micorrizas, 12.; Simpósio Brasileiro de Microbiologia do 
Solo, 10.; Reunião Brasileira de Biologia do Solo, 7., Londrina. Desafios para o uso 
do solo com eficiência e qualidade ambiental: anais. Londrina: Embrapa Soja: SBCS: 
IAPAR: UEL. CD-ROM. 
Pires, W.N., Brandão, S. da S., Giongo, V., Mendes, A.M.S., Silva, D.J., Cunha, T.J.F.C. 
and Gava, C.A.T. 2011. Teores de matéria orgânica do solo após o uso coquetéis 
vegetais no sistema de produção orgânico de mangueiras. 33º Congresso Brasileiro de 
Ciência do Solo. Uberlândia, MG. 4p. 
Silva, M.S.L. da, Gomes, T.C.A., Machado, J.C., Silva, J.A.M., Carvalho, N.C.S. and 
Soares, E.M.B. 2005. Produção de fitomassa de espécies vegetais para adubação verde 
no submédio São Francisco. Embrapa Semiárido, Petrolina. (Instruções Técnicas). 
Torres, M.D., Guirado, E. and Hermoso, J.M. 2009. Influence of weed cove on mango 
nutrition, productivity and fruit quality. Acta Hort. 820:351-356. 
183 
Wutke, E.B., Trani, P.E., Ambrosano, E.J. and Drugowich, M.I. 2009. Adubação verde no 
Estado de São Paulo. Campinas, n. 249, junho 2009. (Boletim Técnico, 249). 
 
 
 
Tables 
 
 
 
Table 1. Plant dry matter production, contents of carbon and of nutrients in the above 
ground part of intercropped plant species mixtures and of spontaneous vegetation in 
an argissolo amarelo distrófico latossólico (Ultisol, Hapludalf) after 70 days of 
growth. Bebedouro Experimental Station, Petrolina, PE, Brazil, 2012. 
 
Treatments Plant dry matter (Mg ha
-1) N P K Ca
2009/2010 2010/2011 g kg-1 
75% L* + 25% NL** 6.51 10.02 21.0 2.6 29.5 11.3
Spontaneous vegetation 3.12 3.67 20.1 2.8 36.7 19.1
* Leguminous plants. 
** Non-leguminous plants. 
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Fig. 1. Fresh matter resulting from each one of the four prunings (a) and from the total of 
formative prunings (b) in the plants of the experiment of intercropped plant 
mixtures in ‘Kent’ mango trees. Treatments: T1= 25% non-leguminous plants + 
75% leguminous plants without soil turnover; T2= spontaneous vegetation without 
soil turnover. Bebedouro Experimental Station, Petrolina, PE, Brazil, 2012. 
*Differ by the t test at the 5% level of probability. 
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Fig. 2. Accumulation of nutrients (leaves+branches) in the fresh matter resulting from the 
formative prunings in the plants of the experiment of the intercropped plant 
species mixture in ‘Kent’ mango tree. Treatments: T1= 25% non-leguminous 
plants + 75% leguminous plants without soil turnover; T2= spontaneous 
vegetation without soil turnover. Bebedouro Experimental Station, Petrolina, PE, 
Brazil, 2012. *Differ by the t test at the level of 5% probability. 
